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FIELD OF THE INVENTION 

The present invention relates generally to measuring and testing methods and instruments. 
Stated more particularly, this patent discloses and protects a system and method for monitoring 
conditions within a container, such as the thickness and position of layers in stratified media, by use 
10 of an array of temperature transducers to detect differences in thermal and material properties. 

BACKGROUND OF THE INVENTION 
As one knowledgeable in the art will be well aware, a typical septic system is founded on a 
tank in which wastes are collected, settled, and partially digested. The septic tank leeches what is 
1 5 termed gray water into a drain field where it is dispersed. When the system is operating properly, the 
dispersed gray water will be substantially devoid of solid matter. When the system is not operating 
properly and solids are suspended in the gray water, the drainage field can become clogged by solids 
such that the gray water ceases to be absorbed and dispersed properly thereby resulting in drainage 
field failure. With this, ground and surface water can become polluted, and the system can otherwise 
20 malfunction. 

When operational, a septic tank has three biologically active zones that are commonly 
referred to as an upper, cake or scum layer, a middle, liquid zone, and a bottom, sedimentary or 
sludge layer. Waste matter enters the liquid zone at the middle of the tarik. The sedimentary layer is 
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formed as heavy solids settle to the bottom of the tank as sediment, or sludge, where they are further 
decomposed. Some of the sediment, however, will riot be biodegradable and will remain at the 
bottom of the tank. The cake layer is formed as fats and other lighter suspended solids rise to the top 
of the tank where they too may further decompose, 
5 During proper septic tank operation, only material from the liquid zone is dispensed to the 

drainage field. The effective volume and rate of flow of the tajik determine the tank's settlement 
rate. The volume of the tank's liquid zone, therefore, is considered the tank's effective volume. In 
tum, that effective volume is used to determine the fixed design capacity of the tank, which is 
measured as the ability of the tank to process a particular flow rate of material. With this, the tank 
1 0 will be unable to process material entering the system at an inflow rate over the maximum allowable 
flow rate. 

A septic tank's system capacity, on the other hand, is condition dependent in that it is 
indicative of the system's ability to continue to process material. The tank's system capacity falls to 
zero when, for example, particles of the sedimentary or cake layers begin to escape from the tank to 

15 the drainage field or the sedimentary and cake layers become so close to one another that the liquid 
layer is nearly or completely extinguished. 

Advantageously, as a result of anaerobic decomposition in the upper and bottom layers, the 
increase in thickness of the sedimentary and cake layers is substantially less than the rate at which 
corresponding solids are input into the system. Nonetheless, Ac bottom, sedimentary or sludge layer 

20 and the upper, scum or cake layer do teiid to increase progressively in thickness during normal 
operation of the septic system such that the accumulated solids must eventually be pumped from tfie 
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system. 

Coimnon practice suggests that this pumping be carried out when the volume of the middle 
liquid zone is reduced to roughly one-third of the total height of the three layers. When that need for 
pumping will be reached, however, is depeiident on the mix arid overall volume of waste that is input 
5 to the system and the effectiveness of the biological decomposition occurring in the septic tank. 
Pumping may be considered necessary based on the absolute location of the top layer, the absolute 
location of the bottom layer, or a combination of these factors that have reduced the volume of the 
middle, liquid zoiie to a given extent. Notably, as the voluines of solids increase in the septic tank, 
the effectiveness of the biological decomposition tends to increase thereby leading to a decreased rate 

1 0 of accumulation even with a constant input rate. With this, it will be appreciated that the required 
pumping interval is substantially unpredictable and can range from as little as two years to as much 
as fifteen years and longer. 

A major difficulty in septic tank operation is that, because it is necessarily carried out 
underground, the status of the septic tank is generally difficult or impossible to perceive. With this, 

15 the first indication of a failure in the system often comes in the form of the unpleasant backup of 
waste materied into the associated home or building. Even more disadvantageous^, this backup 
occurs typically well after the system has begun to discharge substantial solids into the drainage 
field. 

Advantageously, a number of methods and systems have been disclosed by the prior art for 
20 providing an indication as to whether a given septic system is in need of pumping. One most basic 
means is by digging up and removing the access cover for the tank and dipping what is termed a 
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flapper stick into the tank to gain an estimation of the height of each of the layers. As one will 
appreciate, this is a cumbersome and unpleasant practice and is often done merely to confirm that an 
already-occurring failure is in fact due to a need for pumping. 

Other systems have been disclosed that are intended to allow a septic tank operator to 
5 monitor the contents of the tank without the need for manually opening the tank and interacting with 
its contents. For example, relatively simple mechanical devices have been disclosed wherein, for 
example, a float within the tank is coupled to an arm that projects from the tank to indicate the status 
of one or more layers within the tank. Other, more complex systems have been disclosed with 
elongate sensing probes for being permanently disposed in a septic tank. Seniors disposed along the 

10 probes have been of a wide variety of types including sonic sensors, light emitting and detecting 
sensor combinations, electrical resistance sensors, and still other sensor arrangements. 

Unfortunately, even these improved systems and arrangements have left septic tank operators 
with a number of disadvantages and shortcomings. By way of example and not limitation, one 
knowledgeable in the art will be aware that many prior art systems are vulnerable to malfimction and 

1 5 fouling as they spend years disposed within a septic tank. Furthermore, prior art systems often are 
incapable of providing the septic tank operator with consistently accurate information regarding the 
status of the contents of the septic tank. Still further, some systems are simply incapable of taking 
accurate readings or readings of sufficient resolution while others additionally or alternatively cannot 
relay taken readings accurately or with sufficient resolution from the system to the operator. In light 

20 of these and further disadvantages of the prior art, it becomes clear that there remains a need for a 
septic tank monitoring system and method that overcomes these and other shortcomings of the prior 
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art while providing a number of heretofore unrealized advantages thereover. 

SUMMARY OF THE INVENTION 

Advantageously, the present invention has as its primary object the provision of a system and 
5 method for monitoring the condition oif stratified layers in a container, such as a septic tank, that 
meets each of the needs that the prior art has left unmet while providing a number of further 
advantages thereover. 

More particularly, a most basic object of the present invention is to provide a septic tank 
monitoring system that can function accurately in distinguishing between and identifying the location 
10 of a sedimentary layer, a scum layer, and any intervening liquid zone in a septic tank. 

Another fundamental object of the invention is to provide a septic tank monitoring system 
that can operate consistently and without malfunction over extended time periods by resisting fouling 
and similar negative effects. 

Yet another object of certain embodiments of the invention is to provide a septic tank 
15 monitoring system that can be readily installed relative to a septic tank without a need for tools or 
attachment hardware. 

Still another object of particular embodiments of the invention is to provide a septic tank 
monitoring system that relays information regarding the status of the septic tank to a septic tank 
operator in a clear and readily understood format. 
20 These and fiirther objects and advantages will become obvious not only to one who reviews 

the present specification and drawings but also to one who has an opportunity to make use of an 
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embodiment of the present invention for a septic tank monitoring system. 

In carrying forth the foregoing objects, one embodiment of the monitoring system comprises 
a septic tank monitoring system that distinguishes between and identifies the location of a 
sedimeritary layer, a scum layer, and any intervening liquid zone in a septic tarJc by incorporating an 
5 elongate sensing probe for being disposed in the septic tank, a plurality of sensors disposed along the 
sensing probe each including a means for providing a signal that enables a determination of whether 
the sensor is disposed proximal to the sedimeritary layer, the scimi layer, or any intervening liquid 
zone in the septic tank, and a remote monitor operably associated with the plurality of sensors for 
providing a remote indication of the location of the sedimentary layer^ the scum layer, arid any 

1 0 intervening liquid zone in the septic tank based on the signals from the plurality of sensors. Under 
even this basic arrangement, the septic taiik monitoring system advantageously enables a septic tank 
operator to monitor the contents and condition of the septic tank without a need for excavating and 
physically inspecting the septic tank. 

The elongate sensing probe could, for example, comprise an elongate tube. A retaining 

1 5 member can be slidably associated with the elongate tube and biased toward an extended position so 
that the sensing probe can be inserted into and retained in the septic tank by compressing the 
retaining member, orienting the elongate sensing probe preferably generally vertically in the septic 
tank, and allowing the retaining member to decompress. With this, the sensing probe can be 
frictionally retained in the septic tank with the first end of the elongate sensing probe Mctionally 

20 engaging a first boundary of the septic tank, such as the top of the tank, and the second end of the 
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elongate sensing probe fiictionally engaging a second boundary of the septic tank, such as the bottom 
of the tank. 

To prevent damage to the components housed therein, the elongate tube preferably will be 
sealed to prevent liquids and solids from entering the elongate tube from the septic tank. The 
5 retaining member can be tubular and can retain the biasing means therewithin, and it too can be 
sealed to prevent tiie entry of liquids and solids. Even more preferably, the first and second ends of 
the sensing probe can have at least one point, such as by being conical, for positively engaging the 
bovindaries of the septic tarik. 

The sensors could be of a variety of types, each well within the scope of the present 

10 invention. In preferred embodiments, some or all of the sensors could be hemispherical sensor 
electrodes while, in other embodiments, some or all sensors could comprise ring electrodes. In a 
fiirther embodiment of the invention, the sensors could comprise temperature transducers, such as 
thermistors that could operate in a self-heating mode. One of the sensors can preferably be employed 
as a reference sensor and can be disposed on the elongate tube to coincide in location with a lower 

15 end of an outlet baffle of the septic tank. With this, the locations of the remaining sensors and the 
material disposed in proximity thereto can be measured based on their distance from the reference 
sensor. 

A tank electronics unit can be coupled to the elongate sensing probe and operably associated 
with the remote monitor by, for example, an interconnecting cable or any other means, and each of 
20 the plurality of sensors can be electrically coupled to the tank electronics unit. Where an 
interconnecting cable is employed, a cover plate can be provided for being disposed over the 
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interconnecting cable as it exits the septic tank for shielding the interconnecting cable from damage 
during excavation and the like. A microcontroller can be operably associated with each of the 
plurality of sensors for providing them with a high frequency, preferably 10 KHz, altemating current 
flow. A multiplexer and a synchronous demodulator can be incorporated for multiplexing and 
5 demodulating analog voltage signals produced by the current flow to each sensor. Even further, an 
analog to digital converter can be employed for converting the voltage signals from analog to digital. 
Also, a means for processing and analyzing each digital voltage signal can be incorporated to 
determine for each sensor whether the material disposed in proximity thereto is the sedimentary 
layer, the scum layer, or any liquid zone that may be therebetween, 

1 0 Preferred embodiments will also include means operably associated with the remote monitor 

for displaying inforaiatipn representative of whether the material disposed in proximity to each 
sensor is within the sedimentary layer, the scum layer, or any liquid zone. The means for displaying 
information can be a visual indicator representative of each sensor, and the visual indicators can be 
disposed in order corresponding to a location of each sensor along the elongate sensing probe. The 

15 means for displaying information and the means for processing and analyzing can cooperate to 
activate each visual indicator that is disposed adjacent to any liquid zone that is in the septic tank 
while leaving inactive each visual indicator that is disposed adjacent to either the sedimentary layer 
or the scum layer. Even more preferably, a distance legend can be disposed adjacent to the visual 
indicators to denote the distance of the corresponding sensor from the reference sensor, and a 

20 thickness legend can be disposed adjacent to the visual indicators to denote the thickness of the 
sedimentary layer and the scum layer in the septic tank. 
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It should be appreciated that the remote monitor could comprise a specially designed and 
constructed device, or it could comprise a personal computer system in cooperation Avith specially 
designed software. Even further, where there is a dedicated remote monitor, it can include a data 
interface connector for enabling a coupling to an external device, such as a personal computer. In 
5 any event, the monitoring system can include a flood alajm indicator operably associated with the 
remote monitor for indicating an abnormally high material level in the septic tank, and a pump-put 
warning indicator can be operably associated with the remote monitor for alerting a septic tank 
operator to a need for pumping out material within the septic tank. 

It should be understood that, although the present invention is primarily described herein as a 

10 system for monitoring the conditions of a septic tank, the invention caii find equally advantageous 
application relative to other materials, possibly disposed in stratified layers, in other containers. 
Furthermore, one will appreciate that the foregoing discussion broadly outlines the more important 
features of the invention to enable a better understanding of the detailed description that follows and 
to instill a better appreciation of the inveiitor's contribution to the art. Before an embodiment of the 

15 invention is explained in detail, it must be made clear that the following details of construction, 
descriptions of geometry, and illustrations of inventive coricepts are mere examples of the many 
possible manifestations of the invention. 



BRIEF DESCRIPTION OF THE DRAWINGS 



20 



In the accompanying drawing figures: 



FIG. 1 is a view in jfront elevation of a sensing probe according to the present invention 
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shown disposed in a typical septic tank; 

FIG. 2 is a view in front elevation of a remote monitor according to the present mvention; 

FIG. 3 is a sectioned view in front elevation of a sensing probe of a septic tank monitoring 
system according to the present invention; 
5 FIG. 4 is a schematic view of an electronic system according to the present invention; 

FIG. 5 is a perspective view of a coordinate system for a ring electrode under the present 
invention; 

FIG. 6a is a schematic perspective view of a hemispherical electrode arrangement under the 
present invention; 

10 FIG. 6b is a schematic perspective view of a ring electrode arrangement under the present 

invention; 

FIG. 7a is a graph of the relative potential of a hemispherical electrode in a stratified fluid 
conductor as a ftmctipn of a/2r for various values of the conductivity ratio ct/Zct^; 

FIG. 7b is a graph of the relative potential of a ring electrode in a stratified fluid conductor as 
15 a fimction of a/2r for various values of the conductivity ratio ai/a2\ 

FIG. 8a is a graph of a typical potential curve for a conductivity probe in a septic tank for a 
hemispherical electrode; 

FIG. 8b is a graph of a typical potential curve for a conductivity probe in a septic tank for a 
ring electrode; 

20 FIG. 9 is a view in front elevation of an altemative sensing probe under the present invention 

again disposed in a septic tank; 
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FIG. 10 is a sectioned view in front elevation of an alternative sensing probe; 
FIG. 1 1 is a scheniatic view of an alternative electronic system; 

FIG. 12A is a view in side elevation of a thermistor sensor according to one embodiment of 
the invention; 

5 FIG. 12B is a view in front elevation of an arrangement employing the thermistor sensor of 

FIG. 12A; 

FIG. 13 A is a chart of the thermistor temperature versus time for various media; 
FIG. 1 3B is a chart of the time rate of change of the thermistor temperatiire; 
FIG. 14A is a chart of the thermistor signal voltage versus time for various media; and 
1 0 FIG. 1 4B is a chart of the time rate of the thermistor signal voltage. 

DETAILED DESCRIPTION 

As is the case with many inventions, the present invention for a monitoring system and 
niethod is subject to a wide variety of embodinients. However, to ensure that one skilled in the art 
1 5 will be able to understand and, in appropriate cases, practice the present invention, certain preferred 
embodiments of the broader inventioii revealed herein are described below and shown in the 
accompanying drawing figures. 

Looking more particularly to the drawings, a preferred embodiment of the present invention 
in the form of a septic tank monitoring system is indicated generally at 10 in, for example, FIGS. 1 
20 and 3. As will be discussed more fully below, the monitoring system 10 distinguishes between and 
identifies the location of a sludge or sedimentary layer 1 12, a scum or cake layer 108, and any 
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intervening liquid zone 1 10 by measuring the differences in the layers' high frequency electrical 
conductivity. 

The monitoring system 10 is founded on an elongate sensing probe 12, which is depicted in 
FIG. 1 and in abbreviated form in FIG. 3. In preferred embodiments, the sensmg probe 12isfounded 
5 on an elongate tube 1 5 in combination with a retainiiig member 1 8. The elongate tube 1 5 is sealed at 
its first end 14 and second end 16 to prevent liquids and solids from entering the elongate tube 15 
from the septic tank 100. Of course, the elongate tube 15 could be crafted in a wide variety of 
configurations and from a wide variety of materials. However, forming the elongate tube 15 from a 
length of plastic pipe, such as polyvinyl chloride (PVC) tubing, may be considered preferable for a 
10 plurality of reasons. For example, PVC is tough and durable, resistant to the harsh environment in 
which it would be placed, and is readily machined, glued, and otherwise manipulated. 

The first end 14 of the elongate tube 15 in this exemplary embodiment is slidably engaged 
with the retaining member 1 8. More particularly, the elongate tube 1 5 is matingly received into the 
retaining member 1 8, which is also preferably tubular and crafted from PVC. The retaining member 
15 1 8 has a length adjustment rod 19 with a distal end 20 extending from its sealed body, and an 0-ring 
23 is interposed between the inner wall of the retaining member 1 8 and the outer wall of the elongate 
tube 1 5 . With this, liquids and particulate matter are prevented from entering the open inner volume 
of the retaining member 1 8. 

A resiliently compressible member, such as a coiled compression spring 22, is interposed 
20 between the distal end 20 of the length adjustment rod 19 of the retaining member 18 and the first 
end 14 of the elongate tube 15 for biasing the retaining member 1 8 and thus the length adjustment 
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rod 1 9 to an extended position. Under this arrangement, the biasing of the retaining member 1 8 will 
tend to lock the elongate tube 1 5 and retaining member 1 8 in place by forcing the distal end 20 of the 
length adjustment rod 19 of the retaining member 1 8 into frictional engagement with what is in this 
case the inner surface of the top 102 of the septic tank 100 and the second end 16 of the elongate 
5 tube 1 5 into frictional engagement with what is in this case the inner surface of the bottom 1 04 of the 
septic tank 100. Advantageously, the position of the length adjustment rod 19 relative to the 
retaining niember 18 can be adjusted by any appropriate means, such as by a lock nut 21 engaged 
with threading or the like. With this, the effective length of the sensing probe 12 can be adjusted by 
an adjustment of the distance that the length distal end 20 of the length adjustment rod 19 extends 

10 from the retaining member 1 8 whereby the sensing probe 1 2 can be adapted to septic tanks 1 00 and 
other containers of varying dimensions. 

To ensure that the sensing probe 1 2 will be retained in place most effectively, the distal end 
20 of the length adjustment rod 1 9 and the second end 1 6 of the elongate tube 1 5 are pointed, such as 
by being conical, so that they positively engage the inner surfaces of the top 102 and bottom 104 of 

15 the typically cement septic tank 100. With this, the sensing probe 12 can be readily installed and 
removed relative to a septic tank 1 00 without a need for fastening hardware or the like. Of course, it 
will be readily understood that the seiising probe 1 2 coxJd be oppositely oriented or configured in the 
septic tank 100. 

In this exemplary embodirnent, the elongate tube 12 has a plurality of sensors 24 spaced 
20 therealong. The sensors 24 could be of a variety of types. For example, the sensors 24 could 
comprise pressure sensors, thermal sensors, or substantially any other type of sensor. In one 

14 
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embodiment, the sensors 24 comprise relatively small, hemispherical, chemically inert sensor 
electrodes, As FIG. 1 shows, in such an embodiment, a common, refereilce electrode sensor 25 is 
disposed on the elongate tube 12 to coincide in vertical location with the lower end of the outlet 
baflfle 114 in the septic tank 100. The reference electrode sensor 25 could be a hemispherical 
5 electrode or it could preferably be a ring electrode. One of the sensors 24, most likely the uppermost 
sensor 24 shown in FIG. 3, could be employed as a flood alarm sensor 24 for inducing a flood alarm 
when reached by, for example, the scirni layer 1 08 so that a user will be apprised that flooding of the . 
septic tank 100 is potentially inmiinent. Under this arrangement, a thermistor 27 could be disposed 
within the elongate tube 12 for providing a temperature indication to enable the monitoring system 

10 1 0 to account for and acconmiodate temperature variations as will be discussed more fully below. In 
any event, the sensors 24, the reference sensor 25, and the thermistor 27 are operably associated with 
what can be termed a tank electronics unit 26, which will be more fully described below, by any 
appropriate means. In this embodiment, the sensors 24, the reference sensor 25, and the thermistor 
27 are electrically coupled to the tank unit 26 by signal wires 28. 

15 In turn, the tank unit 26 is operably associated with a remote monitor 30, which is depicted in 

FIG. 2 and schematically shown in FIG, 4. Of course, the tank imit 26 and the remote monitor 30 
could be operably associated in a variety of ways including by wireless communication employing 
cellular, digital, or radiowave systems or by hard-wired connections by cables, ribbon connectors, or 
the like. However, since the tank unit 26 and the sensing probe 12 are in need of substantially 

20 continuous power, it may be preferable to carry out the operable association by an interconnecting 
cable 32 as it is in this preferred embodiment In this case, the intercoimecting cable 32 is preferably 
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shielded by a shell 34 that is constructed to be flexible, such as by being crafted from flexible PVC 
material. 

With this, as FIG, 1 shows most clearly, the sensing probe 12 can be fixed within the septic 
tank 1 00, and the cable 32 can exit the tank 1 00 through the opening for the tank cover 1 06 without a 
5 need for drilling a hole or otherwise modifying the septic tank 1 00 to accommodate the cable 32 or 
the monitoring system 10 in general If necessary or desirable, the cable 32 can be protected from 
accidental damage during excavation of the septic tank 100, such as for pumping or inspection, by a 
cover plate 36. The cover plate 36 could be crafted from a wide variety of iriaterials including, for 
example, metal, wood, plastic, or rubber and could be square, round, or any other appropriate shape. 

10 Turning more particularly to FIG. 4, one sees a block diagram of the electronics of this 

exemplary embodiment of the monitoring system 10. A microcontroller 38 provides a high 
frequency, for example 10 KHz, alternating current to the sensor electrodes 24 and 25. In this case, 
the microcontroller 38 is disposed in the tank unit 26, and the tank uxiit 26 is disposed within the 
sensing probe 12. However, it should be clear that the tank unit 26 could well be mounted externally 

15 to the sensing probe 12. The analog voltage signals produced by this current flow through the 
conducting layers 108, 1 10, and 1 12 in the septic tank 100 to the common reference electrode 25 and 
are multiplexed and demodulated by a multiplexer 40 and a synchronous demodulator 42. The 
signals are converted from analog to digital form by an A/D converter 44 and sent over the cable 32 
to a second microcontroller 46 in the indoor unit 30. In this embodiment, the cable 32 is a three-wu-e 

20 cable with a power wire 48, a serial data wire 50, and a ground wire 52. 
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At the second microcontroller 46, the signals are stored in memory 54, processed, and 
forwarded to status indicators 56, such as LED and LCD displays and audio alarms to indicate the 
condition of the septic tank 100. The audio alarm status indicators 56 can call attention to critical 
conditions such as the need for a pumping out the septic tank 100 or a flooding of the septic tank 
5 100. A power supply 58 couples the monitoring system 10 to a source of AC power through a 
voltage regidator 60. 

As noted above, the monitoring system 1 0 includes a temperature sensor, such as a thermistor 
27, within the elongate tube 12 for acting as a temperature sensor. With such a thermistor 27 
provided, the monitoring system 10 could, with appropriate programming, make necessary 
1 0 corrections for changes in electrical conductivity in the conducting layers 1 08, 110, and 112. With 
this, the monitoring system 10 can provide consistently accurate indications of the locations and 
thicknesses of the conducting layers 1 08, 1 10, and 1 12 notwithstanding variations in enviroimiental 
temperature. 

In certain embodiments, the microcontroller 46 can be further coupled to a personal computer 
15 62 for providing enhanced input, output, and display capabilities. In such a case, it may be most 
preferable to employ the personal computer 62 for displaying status infoimation regarding the septic 
tank 100. Of course, the personal computer 62 could also provide warnings and alarms regarding 
emergency conditions. With this, it would be entirely possible to have the personal computer 62 
perform all the functions of the remote monitor 30 such that the dedicated remote monitor 30 may be 
20 considered unnecessary. Just as clearly, the remote monitor 30 and the personal computer 62 could 
be used to great advantage in combination. 

17 
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In any event, where a remote monitor 30 is provided, whether in addition to or as an 
alternative to a personal computer 62, it could have the appearance and structure of the exemplary 
remote monitor 30 shown in FIG. 2. There, the remote monitor 30 has a divided display means 64, 
such as an LED array 64, that depicts the location and thickness of the sedimentary layer 1 12, the 
5 cake layer 1 08 and the liquid zone 1 1 0. More particularly, the display means 64 is formed by a series 
of linearly arranged LEDs, which could, for example, be blue LEDs. Of course, the divided display 
ineans 64 could operate in a number of ways. As shown in the present embodiment, one 
advantageous way is to have each of the plurality of LEDs in the LED array 64 correspond to a 
sensor 24 or 25 on the elongate tube 12. A distance legend 65 can be disposed to a first side of the 

1 0 LED array 64 to denote the progressively increasing distances of the sensors 24 from the reference 
sensor 25. A thickness legend 67 can be disposed to a second side of the LED array 64 denoting the 
thickness of the sedimentary or sludge layer 112 and the cake or scum layer 108. Under this 
arrangement, the LEDs in the LED array 64 that correspond to sensors 24 or 25 that ar^ disposed in 
proximity with the liquid zone 110 can be activated while the sensors 24 or 25 that are disposed in 

1 5 proximity with either the sludge or scum layers 1 1 2 or 1 08 can remain inactive. With this, a septic 
tank operator can readily determine the location and thickness of the sludge layer 1 12, the scum layer 
108, and the liquid zone 110. 

The remote monitor 30 further includes a flood alarm indicator 66 that would be activated in 

" _ ( 

the event of an abnormally high water level in the septic tank 100. The flood alarm indicator 66 
20 could simply comprise a light, such as a light emitting diode (LED). The flood alarm indicator 66 
could be substantially any color light but might most preferably be red. Also provided on tiie face of 
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the remote monitor 30 is a pump-out warning indicator 68 for alerting the septic tank operator to a 
need for pumping out the contents of the septic tank 1 00. Of course, the pump-out warning indicator 
68 also could take a variety of forms but might preferably comprise an LED, which could be orange 
for more readily diiferentiating it from the flood alarm indicator 66. Even further, a sonic alqrm 70 
5 : is included in the remote monitor 30 so that the rnonitoring system 1 0 can provide an audible ialarm 
when either the flood alarm indictor 66 or the pump-out warning indicator 68 has been activated. 

Advantageously, a data interface connector 72 is provided for coupling the remote monitor 30 
to a personal computer 62 or the like. Of course, the data interface cormector 72, such as an 
input/output (I/O) bus, could be of a variety of types including a small computer system interface 
10 (SCSI) connector, a universal serial bus (USB) connector, or any other of the multiple types of 
connectors 72 that would be readily obyious to one of skill in the art after reading this disclosure. In 
addition to enabling control and display functions to be carried out by the computer 62, the cormector 
72 would also enable detailed analysis of data, data storage, and transmission of data to alternative 
locations. 

15 An even fiirther imderstanding of the uniquely effective and accurate nature of preferred 

embodiments of the monitoring system 1 0 disclosed herein can be gained from the detailed analysis 
of the geometrical and electrical characteristics of the conductivity probe electrode sensors 24 and 25 
that can preferably be employed. 

20 1. Electrode sensors 24 and 25 in a Homogenous Conductor. 
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Case la. With reference to the ring electrode coordinate system depicted in FIGS. 5 and to 
the hemispherical and ring electrode depictions of FIGS. 6A, and 6B, consider first a hemispherical 
electrode sensor 24 or 25 of radius, on the surface of a non-conducting cylinder, such as the 
elongate tube 15, of radius, Z>, in a fluid 110 with electrical conductivity, cr. If /is the current fi-om 
5 the electrode sensor 24 or 25 to the fluid 1 1 0 and r «6, the potential of the electrode sensor 24 or 25 
will be given by 



conducting cylinder, such as the elongate tube 15, of radius, Z>, in a fluid 110 with electrical 
conductivity, cr, as shown in Fig.5. If /is the current frona the electrode sensor 24 or 25 to the fluid 



V{r) = {II27r(T)\lr 



where we have set the potential of the fluid 1 1 0 at infinity equal to zero'. 



10 



Case lb. Consider a ring electrode sensor 24 or 25 of radius, r, on the surface of a non- 



1 10 and the potential of the electrode sensor 24 or 25 wall be given by 



V{r,b) = {II27ra)F(b,r) 



15 where 




0 
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is a Complete Elliptic Integral of the First Kind that can easily be evaluated numerically or 
approxirnated by 

F(r, b) = (ln(Vl + p"' +!//?) + ln(l + Vl + (2 + p'r* + 1 / V(2 + p')) / ^I2b 

where =(r/by /2. It can be seen that for small values of p, F{r,b) — (In p)/ b, 
while for large values of p , F(r,b)-l/r, 

2. Effect of Deposits. 

Conducting material deposited on the surface of an electrode sensor 24 or 25 in a conducting 
fluid 110 will alter its electrical potential. For a thin homogeneous layer or deposit material of 
thickness 5«r, the fractional change in potential for a hemispherical electrode sensor 24 or 25 is 
given by 

dV/V^ia/(Ts~l){S/r) 
and the corresponding expression for a ring electrode sensor 24 or 25 is 
SV/V = ia/a^-lXS/r)/ln(2^^2b/r) 
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where as is the conductivity of the deposit layer. From this, it can be seen tiiat for large values ofb/r 
a ring electrode sensor 24 or 25 is significantly less sensitive to deposits than a hemispherical 
electrode sensor 24 or 25, 

5 . . ■ 

3. Electrode in a Stratified Conductor. 

Case 3a. If the hemispherical electrode sensor 24 or 25 of Case la is located at a height, a, 
above a horizontal boundary 1 1 1 at z=0 between two fluids with different conductivities and the axis 
of the cylinder, such as the elongate tube 1 5, is vertical as shown in Fig 6a, then the potential of the 
10 electrode 24 or 25 obtained by the method of images is 



V{r,d) = 



1-f^ 

V ^2 J 



1 



- + 



1-^ 



a. 



la 



\.a>\ 



V{r,a) 



2;r(<T, +crj)j 



V 



'I J 



1_£l _L ),a<-r 
a,] la ' 



where av and cr^ are the conductivities of the lower and upper fluids respectively. 
1 5 Case 3b. If the ring electrode 24 or 25 of Case 1 b is located at a height, a, above a horizontal 

boundary 11 1 at z=0 between two fluids v^th different conductivities and the axis of the cylinder, 
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such as the elongate tube 15, is vertical as shown in Fig 6b, then the electrode potential obtained by 
the method of images is 



V{r,b,a)^ 



I 



\ r \ 

1+^ 



V 



F(r,6) + 



2 J 



\-^FQxi,V) )\a>r 



7r{<Ty +0-2) 



\F{r,b) : a = 0 



^2;r(<T, +o"2) 



V 



Fir,b) 



'1 J 



F(2a,b) ):a<-r 



4. Interface Resolution Functions. 

The relative potential of a hemispherical electrode 24 or 25 in a stratified fluid conductor 
(Case 3a) is shown as a function of a/2r in Fig. 7a for various values of the conductivity ratio 0-/02. 
It can be seen that the spatial resolution for such an electrode 24 or 25 is approximately the electrode 
10 diameter, 2r. The corresponding relative potential for a ring electrode 24 or 25 (Case3b) is shown in 
Fig. 7b. In this case, the spatizil resolution is approximately the cyUnder radius, b. Since the ring 
electrode 24 or 25 effectively averages the conductivity over a larger volume of the fluid, it is less 
sensitive to deposit formation on the electrode 24 or 25 and inhomogeneities in the fluid than the 
hemispherical electrode 24 or 25. However, it has a lower resolution. 

15 



5. Typical Results for a Septic Tank Probe. 
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Typical potential curves for a conductivity probe in a septic tank 1 00 are shown in Figs. 8a 
and 8b for both hemispherical and ring electi-odes 24 and 25. The thicknesses of the sludge and scum 
layers 112 and 1 08 are assumed to be 10 and 6 inche$ respectively. A typical value of <Xj/<j2=2 has 
been assumed for the conductivity ratio of the sludge layer 1 1 2 and the liquid zone 1 1 0, and a typical 
5 value of 03/02=0.5 has been assumed for the conductivity ratio of scum layer 108 and liquid zone 
1 10. The previously discussed differences in the resolution of the two electrode geometries can be 
clearly seen. To be complete, one should appreciate that other electrode geometries such as dipole 
pairs could also be used to achieve a variety of resolution functions. 

10 6. Detection of Stratified Layers Employing Temperature Transducers. 

As noted previously, the sensors 24 disposed in spaced relation along the elongate tube 12 
can be of a variety of types, including thermal sensors. An alternative monitoring systein JO 
employing temperature transducers as the sensors 24 to distinguish between the layers in a stratified 
medium based on differences in the thermal and fluid properties of the various layers is shown, by 

15 way of exarnple, in FIGS. 9 and 10. In one practice of the invention, the individual transducers 
comprise thermistors, which are also indicated at 24, that can operate in a self-heating mode. 

The theory of thermistors operating in a self-heating mode can be explained in brief as 
follows with reference to FIGS. 12A and 12B where a thermistor 24 is first shown in side elevation 
and tiien in front elevation as part of a simplified circuit. The thermistor 24 is disposed in an 

20 adiabatic wall 76 adjacent to a heat conducting medium 78. Electrical leads 74 extend from the 
thermistor 24 to electrically associate it with a circuit that incorporates a series resistor 80, a DC 

24 
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power source 82, and an electrical switch 84, 

The thermistor 24 has a diameter, D, and a thickness, w, and is mounted on the vertical 
adiabatic wall 76 immersed in a uniform medium 78 having a thermal conductivity, k. Assume that 
at time /^O, the thermistor 24 is connected by a lead 74 to a constant voltage source Vb through a 
5. series resistance Rs . Let T be the temperature of the thermistor 24 at time t and To be the 
temperature of the medium. Then according to Schlichting ["Boundary-Layer Theory", Hermann 
Schlichting, McGraw-Hill, 1968], the rate of heat transfer from the thermistor 24 to the medium 78 
will be given by: 

where A ^id9/4 is the area of the thermistor 24 and^ is the appropriate boundary-layer thickness. 
10 If the medium 78 is a solid, the heat transfer is by conduction, and the boundary- layer thickness 
grows as the square root of the time: 

where a is the thermal difiusivity. If the rnedium is a liquid or gas, the heat transfer is by natural 

convQCtion and the boundary-layer McknQss is approximately constant: 

where v is the kinematic viscosity, p is the coefficient of thermal expansion, g is the acceleration due 
15 to gravity, P^fRr h the power input to the thermistor 24, 1 is the current and 

Rr^R^QXip{B{\IT-\IT^)) 
is the resistance of the thermistor 24. 

The time rate of change of the thermistor temperature obtained from the First Law of 
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Thermodynamics is: 

C^{dTldt)^P-Q 

where Cj is the heat capacity if the thermistor 24. For small temperature increases, P is 
approximately constant and this equation can be integrated analytically. In the case of solids one 
obtains: 

r-r^ =2(i>^,,/c,0(V^^-l+exp(-V^ 

dTldt^{PICr){\'^xp{~.jrr^^ 

5 and 

r-7;^(Pr,,,/Q)(l-expH/r^)) 
where Tcd^ncdS^T/lkAf . In the case of liquids and gases, one obtains: 

dTldt = {PICr)Qx^(rtlr^) 

and 

where r^^^Cr^v^- For large temperature increases, the change in P caused by the dependence of 
the thermistor resistance on temperature can not be neglected and the energy equation must be 
10 integrated nunierically. 

Once the teinperature of the thermistor 24 as a function of time has been determined, the 
output voltage Vo of the circuit in FIG. 12B and its time derivative can found using the relations: 
. and V,=V,R,I{R,^R,) 

dVJdt = V^iRT./(Rs+Rr)XB/T^^)dr/dt 

26 



O'CoimellLawOflBce PATENT 
Express Mail No. ER097804241US File Reference: KEJ01P2 

Typical results are shown in FIGS. 13A, 13B, 14A, and 14B where it can be seen that the 
differences in the temperature and voltage curves for various materials are quite marked. In 
particular, the temperature and voltage curves for solids increase steadily roughly as the square root 
of the time while those, for gases and liquids approach constant values for times greater than t^v. 
5 Both the qualitative and quantitative behavior of the output voltage Vo is deterrnined by the thermal 
£Uid physical properties of the mediimi 78 and can easily be detected using simple voltage 
discriminators. This permits one to distinguish between the various layers in stratified media 
containing gases, liquids and solids. 

With a plurality of preferred embodiments of the invention disclosed, it will be appreciated 
10 by one skilled in the art tiiat numerous changes and additions could be made thereto without 
deviating from the spirit or scope of the invention. This is particularly true when one bears in mind 
that the presently preferred embodiments merely exemplify the broader invention revealed herein. 

Accordingly, it will be clear that those with major features of the invention in mind could 
craft embodiments that incorporate those major features while not incorporating all of the features 
1 5 included in the preferred embodiments. Therefore, the following claims arc intended to define the 
scope of protection to be afforded the inventor. Those claims shall be deeihed to include equivalent 
constructions insofar as they do not depart fi'om the spirit and scope of the invention. 

It must be further noted that a plurality of the following claims may express certain elements 
as means for performing a specific function, at times without the recital of structure or material. As 
20 the law demands, these claims shall be construed to cover not only the corresponding structure and 
material expressly described in this specification but also equivalents thereof 
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